Polyhydroxyalkanoates (PHAs) production with phototrophic mixed cultures (PMCs) has been recently proposed. These cultures can be selected under the permanent presence of carbon and the PHA production can be enhanced in subsequent accumulation steps. To optimize the PHA production in accumulator reactors, this work evaluated the impact of 1) initial acetate concentration, 2) light intensity, 3) removal of residual nitrogen on the culture performance. Results indicate that low acetate concentration (<30CmM) and specific light intensities around 20W/gX are optimal operating conditions that lead to high polyhydroxybutyrate (PHB) storage yields (0.83±0.07 Cmol-PHB/Cmol-Acet) and specific PHB production rates of 2.21±0.07 Cmol-PHB/Cmol X d. This rate is three times higher than previously registered in non-optimized accumulation tests and enabled a PHA content increase from 15 to 30% in less than 4h. Also, it was shown for the first time, the capability of a PMC to use a real waste, fermented cheese whey, to produce PHA with a hydroxyvalerate (HV) content of 12%. These results confirm that fermented wastes can be used as substrates for PHA production with PMCs and that the energy levels in sunlight that lead to specific light intensities from 10 to 20W/gX are sufficient to drive phototrophic PHA production processes.
Introduction
Polyhydroxyalkanoates (PHAs) are intracellular biopolymers synthesized and accumulated by several microorganisms as carbon and energy reserves. These biopolymers have attracted significant interest from the industry and research community because they present physicochemical properties similar to conventional plastics [1, 2] .
Moreover, PHA can answer society's request for an environmentally sustainable bioplastic production process since PHA is completely biodegradable [3] and can be produced from agro-industrial residues [4] . Presently, the PHA available in the market is produced in pure culture systems that require intensive aeration, media/equipment sterilization and strict control of reactor operation. This leads to high production costs, in comparison to the synthetic plastic production, which limits the wider commercialization of microbial produced PHA [5] .
In order to decrease PHA production costs and bring this sustainable biopolymer into the market, the utilization of mixed microbial cultures (MMCs) that can use cheap complex residues as feedstock in open conditions has been proposed [6] . Typically, these MMCs are capable of producing PHA through the application of transient carbon availability conditions -so-called Feast and Famine (FF) strategy -which continuously selects for organisms capable of storing PHA during a short feast phase and consuming it during a long famine phase. Over time, this selection pressure enriches the culture in organisms with high PHA storage capacity [7] . This FF strategy has been applied to a multitude of different feedstocks like agro-industrial wastes (e.g. fruit pomaces, animal litter, cheese whey, glycerol) or food and urban wastes (e.g. used cooking oil), where very successful results were obtained in terms of both productivity and accumulation capacity (as reviewed in [4, 5, 8] ). However, PHA production with MMCs has been mainly restricted to the utilization of aerobic organisms, while in fact, the diversity of bacterial species that can produce and accumulate PHA is much wider.
In recent years, studies with PHA producing phototrophic systems have proposed the utilization of phototrophic mixed cultures (PMCs) as means of decreasing operational costs [9] . Phototrophic organisms can draw energy from sunlight and by not requiring oxygen to produce ATP, aeration is nonessential, and the high costs associated with system's aeration can be eliminated. Initial studies with PMCs also applied the FF strategy to obtain PHA storing phototrophic bacteria, and by using acetate as carbon source, PHA accumulation values of 20% and 30% g PHA/g volatile suspended solids (VSS) were obtained under continuous illumination [9] and transient dark/light conditions [10] , respectively. Nevertheless, a recent study proposed a new selection strategy for PMCs, where the culture is maintained in the continuous presence of carbon [11] . This permanent carbon feast strategy is based on the specific characteristics of anoxygenic phototrophic bacteria that do not release oxygen during phototrophy but can phototrophically produce ATP to take up external carbon. Because the system is operated in anaerobic conditions, the organisms must activate internal mechanisms to oxidize reduced molecules produced during cell metabolism (like NADH, NADPH). One of these mechanisms is through the accumulation of PHA that requires its precursors' reduction during the polymer formation. Therefore, the permanent feast strategy selects organisms that are capable of regulating internal reducing power via PHA production. The results obtained during the development of this permanent feast strategy indicated that permanent feast regimes enable the selection of PMCs which have high PHA accumulation capacity when PMCs are exposed to higher light availability. Indeed, [11] reported PHA contents of 60% PHA/VSS in accumulation tests conducted with high light availability, while in the selector reactor, operated at low light availability, the PHA content averaged 3-5%. Therefore, an operational strategy was proposed, consisting in operating the selector reactor with low light availability (low light SBR) and conducting the PHA accumulation in separate reactors under light optimized conditions (high light accumulator). The present work intends precisely to evaluate this operating strategy and test different operating conditions in the accumulator reactors, like illumination, carbon concentration and nitrogen availability, in order to maximize PHA production by PMCs.
Also, in view of the fact that, so far, PMCs have only been tested with synthetic feed, this work evaluated for the first time the possibility of using a real waste, fermented cheese whey (FCW), as feedstock for PHA production in the accumulator reactor.
Materials and methods

PMC selector reactor operation
The PMC studied in this work was obtained from the phototrophic selector reactor operated in [11] under a carbon permanent feast regime, using acetate as carbon source.
The PMC was subjected to the same operating conditions with the exception of the reactor vessel that in the present study had a working volume of 4.4L and was internally illuminated by a halogen lamp (200 W) at a light intensity of 150 W/m 2 , which corresponded to a volumetric light intensity of 1.3 W/L of culture broth (the reactor in [11] was externally illuminated with a volumetric light intensity of 1.8 W/L).
The PMC operation was performed under continuous illumination in a SBR (henceforth called selector SBR) with 24h cycles. At each cycle, the selector SBR was fed with equal amounts of culture medium (733 mL containing per L: 0.8 g MgSO4.7H2O, 1.6 g NaCl, 2.2 g NH4Cl, 0.2 g CaCl2.2H2O, 16.4 g NaAcetate.3H2O, 20 mL iron citrate solution (1.0g/L), 4 mL trace element solution) and phosphate medium (733 mL containing per L: 0.13 g KH2PO4 and 0.17 g K2HPO4), which corresponded to an organic loading rate of 1.3 g COD/L d and a C:N:P molar ratio of 124:20:1. At the end of each cycle, 1466 mL of the continuously stirred PMC were wasted, resulting in a hydraulic retention time (HRT) and sludge retention time (SRT) of 3 days. Temperature was controlled at 30ºC and argon was continuously sparged (10 mL/min) to prevent surface aeration. pH was controlled at 6.5 using 0.5 M HCl.
Optimization of accumulation reactor operation
In order to determine the best conditions to operate the accumulator reactor, three parameters were sequentially tested: 1) initial acetate concentration, 2) light intensity, 3) removal of residual nitrogen.
Effect of initial substrate concentration
To evaluate the effect of the initial carbon concentration on the culture performance during the accumulation step, two acetate concentrations were tested. These concentrations were: A) the concentration typically present in the SBR at the beginning of the reactor cycle after feeding (higher concentration) and B) the concentration left by the residual acetate present in the SBR at the end of the cycle (lower concentration). To conduct these tests, mixed liquor withdrawal (300 mL) was collected from the selector reactor at the end of the cycle and placed in a separate accumulator reactor (working volume 450 mL). In the test with higher acetate concentration (test A), the mixed liquor withdrawal was fed with 150 mL of fresh medium (75 mL of culture medium + 75 mL of phosphate medium). The same occurred for the test with lower acetate concentration (test B) with the exception that the culture medium lacked acetate. The accumulator reactor was illuminated with a volumetric light intensity of 1.1 ± 0.02 W/L and operated under the same controlled temperature, pH and argon conditions as the selector reactor. For each concentration, a duplicate test was conducted for a period of 5 hours.
Effect of light availability
In order to evaluate the effect of light availability on the culture performance, the accumulator reactor was operated under the same conditions of the test B reactor in For each light intensity, a duplicate test was conducted for a period of 5 hours.
Effect of residual nitrogen removal
To evaluate the effect of conducting PHA accumulation assays in the absence of nitrogen, 333 mL of mixed liquor withdrawal collected at the end of the SBR cycle was centrifuged (9000g, 4 min, 20ºC) and the supernatant was removed. The obtained centrifuged biomass was re-suspended in 500 mL of fresh medium (250 mL culture medium lacking acetate and ammonia + 250 mL of phosphate medium). Periodic pulses of a concentrated solution of acetate (1.32 Cmol/L) were given along the test with each pulse leading to initial acetate concentrations in the reactor lower than 3.5 CmM but maintaining the reactor under the permanent presence of carbon. The accumulator reactor was illuminated with a volumetric light intensity of 20.0 W/L and operated under the same controlled temperature, pH and argon conditions as the selector reactor.
For performance comparison, an extra accumulation test was conducted using 500 mL of mixed liquor withdrawal that was directly placed in the accumulator reactor with no addition of fresh medium. To further evaluate the effect of carbon pulse addition, periodic pulses of an acetate solution (1.32 Cmol/L) were added, as mentioned above, after the residual acetate became depleted. This accumulator reactor was illuminated and operated as previously described for the assay with nitrogen removal.
PHA accumulation with fermented cheese whey as substrate
To evaluate the culture capability of using fermented cheese whey (FCW) as substrate for PHA production, two accumulation tests were conducted in the same conditions as in section 2.2.3 (with supernatant removal) but with the pulse addition of synthetic FCW or FCW. For each test, six pulses of synthetic or FCW were given in a way that the initial acetate concentration would be ≈ 3.0 CmM. Table 1 indicates the composition of the synthetic medium and FCW used in the tests. The FCW used in the present work came from a continuous stirred tank reactor (CSTR) operated in anaerobic conditions, HRT of 1 day, pH 6 and fed with cheese whey that was mostly composed of lactose (78.4%, w/w), proteins (13.6%, w/w) and fats (1.2%, w/w) with an organic loading rate of 15g COD L - 
Analytical methods
PHA determination was performed by gas chromatography using the method described in [9] . Organic acids, ethanol, lactose and phosphate concentrations were determined by high-performance liquid chromatography (HPLC) using an RI detector and an Agilent Metacarb 87H column. 0.01 N sulfuric acid was used as eluent with an elution rate of 0.6 mL/min and a 30ºC operating temperature.
Total carbohydrates hydrolysable to glucose (i.e. bacterial glycogen and algae starch)
were determined using the method described by [13] , with minor modifications described in [9] .
Ammonia was determined by colorimetric methods implemented in a flow segmented analyser (Skalar 5100, Skalar Analytical, The Netherlands). Volatile suspended solids (VSS) were determined according to Standard Methods [14] . The light intensity provided during the tests was measured using a Li-COR light meter LI-250 A equipped with a pyranometer sensor LI-200 SA.
Pigments extraction was performed by centrifuging 8 mL of mixed liquor (8000g, 5 min), and adding 8 mL of 100% ethanol to the biomass pellet. The biomass was then vortexed and incubated overnight at room temperature and in dark conditions. Afterwards, samples were again centrifuged at 8000g for 5 minutes and the absorbance spectrum of the supernatant was measured from 290 nm to 900 nm using an Ultrospec 2100 pro Amersham spectrometer.
Calculation of kinetic and stoichiometric parameters
The biomass PHA content was calculated as a percentage of VSS on a mass basis (%PHA = 100 × g PHA/ g VSS), where VSS includes active biomass (X), PHA and total carbohydrates. Active biomass was calculated by subtracting PHA and total carbohydrates from VSS. To determine the active biomass concentration in Cmol, it was assumed that the generic formula of biomass CH1.8O0.5N0.2P0.02 can be applied to PMCs.
The maximum specific substrate uptake rate (-qS in Cmol Acet/Cmol X d), maximum specific PHA production rate (qPHA in Cmol PHA/Cmol X d), maximum specific carbohydrates production rate (qCarbs in Cmol Carbs/Cmol X d), maximum specific The specific light intensity of the culture (W/g X), was calculated by dividing the volumetric light intensity of the culture broth (W/L) by the active biomass concentration (g X/L).
3 Results and discussion
Phototrophic mixed culture operation
In the present work, the PMC selected in [11] under the permanent feast strategy was transferred to a new selector reactor and operated under conditions that kept the culture with kinetic and stoichiometric parameters similar to the ones obtained in the previous work [11] ( Table 2) . Figure S1 , S2) that could accumulate PHA during accumulation trials. Precisely to determine the best conditions to operate the accumulator reactors, several operating parameters were sequentially tested, starting with the effect of the initial carbon concentration on the culture performance.
Effect of initial substrate concentration
In some mixed microbial culture PHA producing processes, the culture selection step can be followed by an accumulation step, in a separate reactor, to further increase the PHA content of the biomass. In the present study, where the selector SBR is operated under a permanent carbon feast regime, the mixed liquor that is withdrawn at the end of the cycle and directed to the accumulation step, always contains residual carbon. To evaluate the effect of the initial carbon concentration on the culture performance during the accumulation step, two acetate concentrations were tested. One corresponded to the concentration typically present in the SBR at the beginning of the reactor cycle after feeding (Test A -higher concentration of 70 ± 0.5 CmM). The other corresponded to the concentration left by the residual acetate present in the mixed liquor withdrawn from the SBR at the end of the cycle (Test B -lower concentration of 28 ± 0.6 CmM). Results indicate that the culture presents higher acetate uptake rate and PHB production rate when operated with a lower initial acetate concentration (Figure 1 ). In fact, the acetate uptake rate increased 48% from 0.93 ± 0.01 to 1.38 ± 0.12 Cmol Acet/Cmol X d when the initial acetate concentration was decreased by 60%. As for the PHB production rate, it increased 38% from 0.72 ± 0.01 to 0.99 ± 0.09 Cmol PHB/Cmol X d. Although the increase of the acetate uptake rate was higher than the increase of the PHA production rate (leading to a slight decrease in the PHA production yield from 0.77 ± 0.02 to 0.72 ± 0.00 Cmol PHB/Cmol Acet), the system improved its overall polymer productivity.
A possible explanation for this culture response to lower acetate concentrations may be that higher acetate concentrations can be inhibitory to the culture, decreasing its metabolic rates. This result points to the benefit of operating accumulator reactors with a low concentration of carbon source. Also it points to a possible advantage of changing the presently used dump feed SBR operation to a continuous mode in order to operate the culture with lower substrate concentrations. Regarding the biomass growth (monitored by ammonia consumption along the tests), no noticeable growth rate differences were observed between tests with the culture, presenting ammonia consumption rates of 0.02 ± 0.01 Nmol NH4/Cmol X d and 0.03 ± 0.01 Nmol NH4/Cmol X d, at higher and lower acetate concentrations, respectively.
With the results from this test, it was decided that further accumulation trials should be conducted with low acetate concentration.
Effect of light availability
In phototrophic processes, light is known to be one of the major factors impacting the intensities were tested which resulted in the specific light intensities of 0.96 ± 0.04 W/g X, 4.1 ± 0.04 W/g X, 10.2 ± 0.4 W/g X and 18.5 ± 1.3 W/g X (Figure 2 ). Figure 2 -Impact of specific light intensity on the specific acetate and phosphate uptake rates and in the specific PHB and carbohydrates production rates. Error bars calculated from duplicate tests. The average initial acetate and ammonia concentration was 28.1 ± 0.9 CmM and 11.7 ± 0.3 NmM, respectively, for the eight tests.
Results indicate that the specific acetate uptake rate increased along with the light intensity but decelerated when reaching the highest specific light intensity tested of 18.5 ± 1.3 W/g X. It could be that the membrane acetate transporters were becoming saturated [17] or the phototrophic systems were approaching their maximum electron transfer capacity at this point, not being able to provide more ATP for acetate uptake [18, 19] . In any case, the maximum value obtained for the specific acetate uptake rate was 2.50 ± 0.23 Cmol Acetate/Cmol X d, which is an 80% increase in relation to the lowest light intensity tested. Also, it is the maximum value ever reported for PMCs operated under permanent carbon feast strategies since in previous work, values of 1.5 ± 0.3 Cmol Acetate/Cmol X d were attained at specific light intensities around 6 W/g X [11] .
Regarding the polymer production, the specific PHB production rate increased with the light intensity very much in line with the specific acetate uptake rate. A similar deceleration is noticed at the highest light intensity, likely linked to the acetate uptake deceleration. This culture behaviour towards higher light intensities was also observed in pure cultures of purple bacteria (Rhodobacter sphaeroides) producing hydrogen [20, 21] .
In this case, the hydrogen production rate also increased with the light availability up to a point where further increase in the light intensity did not change the production rate. In the present work, the maximum PHB production rate was obtained at the highest light intensity tested, which resulted in a specific PHB production rate of 2.21 ± 0.07 Cmol PHB/Cmol X d. Again, this is the highest value ever reported for PMCs, being three times higher than the value observed in the previously mentioned work (0.73 ± 0.13 Cmol PHB/Cmol X d). Also, it narrows the difference with the specific PHB production rates observed in accumulation tests with aerobic organisms selected with acetate. While in previous works PMCs presented PHB production rates ten to twenty times lower than the ones obtained with aerobic organisms, in this study a less than threefold difference was observed. Indeed, [22] obtained a rate of 6 Cmol PHB/Cmol X d with acetate enriched aerobic organisms in accumulation tests with comparable conditions (initial acetate concentration of 30 CmM and non-growth limiting ammonia concentration of 2.8 NmM).
These are very promising results for PMCs.
Regarding the PHB storage yield, results indicate that an average of 0.83 ± 0.07 Cmol PHB/Cmol Acet can be obtained with PMCs at the highest light intensities (Figure 3) . These values are higher than the ones observed in aerobic systems. Aerobic organisms, typically present PHB production yields on acetate around 0.4 -0.6 Cmol PHB/Cmol Acet [22, 23] since their ATP production is dependent on carbon oxidation which leads to carbon loss by decarboxylation. In contrast, PMCs are operated anaerobically and are composed of purple phototrophic bacteria that can obtain ATP from light, thus enabling a high conversion efficiency of acetate into PHB while minimizing CO2 production. This conversion efficiency combined with higher kinetic rates at higher light intensities, enabled, in the present work, PHB content increases from 15% to 30% PHB/VSS in less than 4 hours, which fits within the timeframe for maximum sunlight intensity exposure ( Figure S3 ). These results are an indication that natural sunlight illumination can fulfil the energetic demand of PMCs necessary for PHA production.
The light intensity studies also provided some insight regarding carbohydrates production. While the culture tripled its carbohydrates production, this rate reached a plateau even before the maximum light intensity was tested, with values around 0.14 ± 0.02 Cmol Carbs/Cmol X d at a light intensity of 10.2 ± 0.4 W/g X and carbohydrate production yields throughout the light intensity study of just 0.05 ± 0.01 Cmol Carbs/Cmol Acet. This is an indication that the culture truly prefers to store carbon as PHB and that there is a low risk of the culture shifting its storage metabolism to carbohydrates when higher light intensities are provided during the accumulation step.
Finally, although results indicate that the culture responded to the increase of light intensity with an overall increase of its metabolic rates, the specific P uptake rate was constant along the tests. It should be noted, however, that phosphate is typically removed in the first 6 to 7 hours of the selector SBR cycle operation (Supplementary material Figure S4 ) with the PMC presenting high yields of P removal per biomass growth (YP/X ~ 0.2 to 0.4), indicating possible poly-phosphate accumulation (as also observed in [11] ).
Indeed, if the taken up P was solely used for cell growth it would be expected an YP/X of only 0.02 Pmol PO4/Cmol X. Therefore, Figure 2 results suggest that the culture is removing phosphate at its maximum capacity immediately from the time zero of the tests, and therefore, its phosphate removal rate is independent of the light availability.
The results from the effect of light intensity on the culture performance indicate a direct correlation between the culture metabolism and light availability, with the highest PHB production capacity being attained at the higher light intensity of 18.5 ± 1.3 W/g X. Thus, it was settled that further accumulation tests should be conducted at specific light intensities around 20 W/g X.
Effect of residual nitrogen removal
The third condition that was tested in this work was the removal of the residual ammonia that accompanies the mixed liquor withdrawn from the selector SBR. It was hypothesised that by removing the N availability, the culture would not be capable of growing during the accumulation step and therefore, the taken up carbon could be solely used for PHB accumulation. In combination with a high light availability (20 W/L) this could lead to a further increase of the PHB production rate and storage yield in accumulation assays.
Results indicated that when the mixed liquor was centrifuged, the supernatant was removed and the obtained biomass was re-suspended in fresh medium (Table 3 , condition a)), an overall decrease of the metabolic rates were observed in comparison with the previous tests (section 3.3, 20 W/L), where the withdrawn mixed liquor was not subjected to this pre-treatment ( Table 3 , condition b)). Table 3 -Kinetic parameters of accumulating tests with different initial mixed liquor and feeding conditions. Mixed liquor and medium fractions are in relation to the total reactor operating volume.
[Acet]i in condition b) and c) corresponds to the residual acetate in the mixed liquor.
Conditions
[ Despite both tests being conducted under a very similar specific light intensity (~19 W/g X), all specific uptake and production rates were negatively affected under condition a), with this condition particularly impacting the PHB production rate and on the final PHB content that did not go further than 20% PHA/VSS. It could be the case that cell centrifugation at 9000 g, supernatant removal (removal of signalling molecules) or the complete volume make up with fresh medium (higher ratio of phosphate, minerals or metals per microorganism than usually observed in the SBR) could have inhibited the culture. Thus, it was decided to evaluate the culture performance in conditions where the biomass in the mixed liquor had not been affected by centrifugation, supernatant removal or fresh medium addition (Table 3 , condition c)). It should be noted however, that by not adding fresh medium, biomass was not diluted, leading to higher initial biomass concentration, and consequently, lower specific light intensity. Results indicate a slightly lower acetate uptake rate in relation to condition b) during the consumption of residual acetate, which agrees with Figure 2 that shows a slightly lower rate at specific light intensities around 12 W/g X. Also, the PHB production rate agrees with Figure 2 , indicating a decrease of PHB production rate with the specific light intensity decrease.
These results suggest that using the mixed liquor directly from the SBR also leads to metabolic rates that seem to correlate with the specific light intensity applied. As such, there seems to be no negative effect of diluting the mixed liquor with up to 1/3 of fresh medium, as conducted in previous sections.
Furthermore, to rule out the possible influence of acetate pulse addition on the condition a) culture performance, the culture under condition c) was also pulse fed after the residual acetate had been completely consumed. Overall there seems to be no significant difference in the culture kinetic parameters when being pulse fed at low acetate concentrations or when continuously consuming the residual acetate.
Although it could not be evaluated the culture performance in the absence of NH4 per se, these tests reveal that mixed liquor over-dilution or centrifugations with supernatant removal will lead to decreased metabolic rates. No inhibition is observed when the mixed liquor is diluted with up to 1/3 of fresh medium or when pulse-fed with acetate concentrations < 3.5 CmM.
PHA accumulation with fermented cheese whey as substrate
In the previous sections, the PMC was solely fed with acetate, the substrate to which the culture had been acclimatized. This resulted in the production of a PHA homopolymer containing only HB monomers. PHB polymers are brittle but their properties can be improved by incorporating HV monomers which creates a HB:HV co-polymer with lower melting point and reduced brittleness [2, 24] . In order to evaluate the culture capability of using a real fermented waste (cheese whey) as substrate and simultaneously producing heteropolymeric PHA, it was decided to conduct two accumulation tests, one with fermented cheese whey (FCW) and the other with synthetic FCW. The synthetic FCW was used with the intention of evaluating if unknown components present in the real waste could impact on the culture behaviour (composition of FCW is depicted in Table 1 ).
Results indicated the culture preference for acetate consumption, being this substrate completely consumed at each pulse, while the other compounds tended to accumulate (Table 4 ). This is an anticipated result since the PMC had been enriched with acetate. Nevertheless, and despite the fact that the culture had never been acclimated to other carbon sources, the biomass took up the other compounds immediately from the first pulse addition, with the exception of FCW valeric acid that was never consumed by the culture and only accumulated.
Overall, Table 4 shows no significant difference in feeding the culture with synthetic or real FCW. The total specific substrate uptake rate was on average 1.0 Cmol substrate/Cmol X d for both tests, with acetate contributing for more than 80% of this rate.
Despite the similar substrate uptake rates, the test with synthetic FCW led to a PHA production rate of 0.60 Cmol PHA/Cmol X d (15% of HV monomers production) while with FCW this was only 0.53 Cmol PHA/Cmol X d (12% of HV monomers) ( Figure 4 ). [25, 26, 27] . However, these studies were conducted with cultures that had been selected with FCW. In the present work, the PMC was selected with acetate and had not been previously acclimatized to the acids/ethanol present in the FCW. Yet, when the culture was fed with FCW, it was capable of attaining PHA storage yields around 0.6 Cmol PHA/Cmol substrate, showing that PMCs are robust, adapting well to new substrates and with storage yields within the ranges observed with MMCs fed with real substrates [5, 8] . More importantly, PMCs can accomplish this with no aeration requirement which can lead to the potential decrease in PHA production costs.
Overall these tests extended the PMC concept to real substrates and results show that an acetate enriched PMC was capable of accumulating a PHA co-polymer using real FCW with specific PHA production rates and final PHA content comparable to synthetic FCW and acetate feeding. Future work will focus on selecting the culture directly with a real fermented waste to acclimatize the organisms to other compounds and follow the feedshift impact on the microbial population and metabolic performance. This will allow the comparison of PMCs PHA productivity and economic feasibility in relation to other technological approaches.
Conclusion
The development of PMC systems for PHA production has led to a recent operational proposal of sequentially selecting the culture under low light demanding conditions, followed by an accumulation step under high light intensity. This work showed the feasibility of this operating strategy with results indicating that by acting on the operating conditions of accumulator reactors it was possible to increase PHA production efficiency.
Low acetate concentrations and high operating light intensities in accumulator reactors led to specific PHA production rates of 2.21 ± 0.07 Cmol PHB/Cmol X d, which enabled content increases from 15 to 30% in less than 4h. Also, it was shown for the first time the culture capability of using a real waste, fermented cheese whey, to produce PHA with an 
